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ABSTRACT: Ultrathin sections from Uppcr-Cretaceous (Santonian-Campanian) amber (Ajkaite) 
were investigated with transmission electron microscope (TEM). Several kinds of organic remnants 
were observed. In this contribution we report here the presence of three different types of 
morphologically intact bacteria very well preserved in amber. We could demonstrate the fine structure 
of the wall, the protoplasm with vacuoles, electron dense granules and flagella.This extreme form of 
mummification is attributed to inert dehydration and the line structural preservation makes these 
ancient bacteria. 
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INTRODUCTION 

A wide spectrum of well preserved fossilized soft tissues from microbes to vertebrates and 
higher plants have been identified and studied in amber. In his monograph Wallher (1911) 
mentioned about 33,500 arthropodous types. The fossil moss remnants from amber of 
different geological ages were summarized by Gyorffy (1929). The vast majority of the 
observations have been made by light microscopy (Vavra, 1984; Poinar, 1992), and the first 
report on the fine structure of 40 million years old insect tissue was published by Poinar and 
Hess (1992), Light- and electron microscopic pictures of fossil angiosperm pollen grains from 
Eocene age were published recently (De Franchcschi et al., 1999, 2000; Dejax et al., 2001a, 
b). The molecular biology methods opened new vistas in the field of paleobiology (Sykes, 
1997), but the available data arc rather contradictory concerning the reliability of DNA 
sequencing data of fossil material. 

Bacteria in Baltic amber were first studied by Blunck (1929) after partially dissolving the 
amber. Light microscopy revealed micrococci, short and longer rods, and spiral forms, and on 
the basis of these data, different taxa were established. More recently several attempts have 
been made to revive fossil bacteria and to analyse its genetic material. These attempts have 
reproduced bacterial DNA sequence which arc different from that of the extant species, but 
there is certain reservation in the literature concerning the reliability of the results obtained 
(Cano and Borucki 1995; Greenblatt et al., 1999), 

Considering the fact that the fine structural preservation of fossil material may provide 
important clues about the viability of DNA present in the sample, we performed TEM 
investigations on chronologically well defined bacteria to decide if 100 Million year old 
material could be used for molecular biology studies. 


1. Cell Biological and Evolutionary Micropaleontological Laboratory of the University of Szeged, H-6701, P.O. 

Box 993, Szeged, Hungary. 

2. Institute of Biophysics, Biological Research Center of the Humgarian Academy of Sciences, H-6701, P.O. 
Box 521, Szeged, Hungary. 

3. Corresponding author. 



274 


TAIWANIA 


Vol. 47, No. 4 


MATERIALS AND METHODS 

The occurrence of amber in the brown coal layers of Ajka was first published by Hantken 
(1867). Szabo (1871) established that the resinous remnants increase the caloric value of the 
coal. Hlasiwetz (1871) analyzed the first chemical compounds of the Ajkaite. Zechmcister 
(1926) ranged Ajkaite into the succinite and/or retinite. Following Rozlozsnik (1940) the 
Ajkaite may be ranged between the rcsinite and trinerite. Szadeczky-Kardoss (1953) 
concluded that the coal layers of Ajka originate from karstic swamp woods. The acidic water 
of the karstic swamps was neutralized by the limestone, and the microorganisms became very 
numerous. Goczan (1961) emphasized that the amber of the brown coal of Ajka may be the 
product of deciduous tropical woods. Recently Lantos et al. (1997) gave a detailed description 
on the stratigraphic definition of Ajkaite and clearly found it as of Upper Cretaceous origin. 
Based on the palynological researches the vegetation forming the coal layers may characterize 
in the first place by the abundance of extinct Amentifcrac taxa and tropical ferns. During our 
first researchs amber fragments from two samples were used for TEM investigations. The 
micro fossils of the embedding material were investigated previously (Kedves et aj., 2000). 
Based on the tissue remnants (Kedves Borbola and Priskin 2001) and the first palynological 
results the amber tree or the association of the vegetation forming the embedding brown coal 
of the two sample was completely different (Kedves and Alvarez Ramis, 2002). But the 
angiosperm origin seems to be the well established in both samples. 

The material used in this research was collected by Mr. G. Kovacs, a PhD student, from 
the spoil bank of the Ajka mine, No. KG-99. Small pieces of amber were placed into the 
gelatine capsules and some drops of propylenoxydc were added to dissolve the surface of the 
Ajkaite. Thereafter the samples were embedded in Araldite (Durcupan, Fluka). The ultrathin 
sections were made with glass knives on a Porter Blum ultramicrotome in the Cell Biological 
and Evolutionary Micropaleontological Laboratory. The TEM pictures were made in the EM 
Laboratory of the Department of Biophysics of the Biological Research Center of the 
Hungarian Academy of Sciences on a Tesla BS-54Q (resolution 6-7 A) and on a Zeiss 
EM-902 (resolution 2-3 A) instrument. All pictures are untouched. 


RESULTS 

Ultrastructures of different kinds of microfossils were observed. We present here the first 
results concerning the fossilized prokaryots with well preserved protoplasm from the Upper 
Cretaceous Ajkaite. Fig. 1 illustrates the mass of microorganisms in the amber. The most 
important morphological and ultrastructural characteristics of these well preserved 
microorganisms are summarized as following. 

Microorganism of type I Figs. 2-5 

Small ovalid (C, D) or pyriform (B) micro fossils sometimes with a short flagellum; form 
A, in figs. 2 and 3 are embedded in a characteristic mucilage. Size of these micro-fossils is 
0.15-2.22 pm. The wall is extremely thin, Structural elements were not perccptibles. Ovaloid 
vacuoles (50-60 nm) and small electron dense globular units (20-30 nm) are in the protoplasm 
(figs. 4 & 5). These units may be the remnant of the diffuse DNA. 
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Fig. 1. TEM picture from a mass of Prokaryotes in the Ajkaite. Sample: KG-17, bar = 1 pm. Figs. 2-5. Various 
micro-organisms, type I, sample KG-17. Figs. 2 & 3, bar = 0.1 pm. Figs. 4 & 5, bar — 0.04 prm Figs. 6 Sc 7, 
Various micro-organisms, type II, sample: KG-16* Fig. 6, bar -0.1 pm. Fig. 1, bar = 0.04 pm. 
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Microorganism of type II. Figs. 6 &7 

Microorganisms of type II are larger flagellar ovaloid microorganisms. Characteristic 
ultrastructural elements of the wall were observed. Striated ultrastructure is particularly well 
shown in specimen C and D in fig. 6. In specimen C the microstructure elements of the 
protoplasm are also well shown. 

Microorganism of type III Figs. 8-10 

The ultrastructure of the protoplasm is well preserved in specimen illustrated in figs 8-10. 
This largest microorganism is elongated in form, and was in an intensive state of division. 
Several specimens were preserved in the amber in this way. At the upper part of this cluster of 
microorganism a small flagellum-like mucilagineous material (marked with arrow) was 
preserved with dark electron dense globular units of 15-25 nm. Well preserved fine wall 
ultrastructure and the organelles of the protoplasm are illustrated. Characteristic vacuoles of 
0.8-1.0 pm in diameter and electron dense granular units of different size (15-20 nm) are in 
the protoplasm. 


DISCUSSION 

Concerning the methods used in the investigation of the organic fossils in the amber we 
have to emphasize, that it is necessary to study the ultrathin sections of the amber without 
dissolving the fossil resin. 

The investigation of the amber is necessarily to study it by multidisciplinary concepts. A 
basic problem is to establish the origin of the "amber tree" (e.g.: Hillmer et ai, 1992; Vavra, 
1991, 1993). The secondary woody fragments together with the spore- pollen assemblages of 
the amber containing coal or other kind of samples is useful to obtain informations for the 
palcovegetation and its paleoecology. The Senonian vegetation in Hungary and, generally, in 
Europe can be characterized with the great divergence of the extinct Amentiflorae taxa which 
were classified into the Stemma Normapolles by Pflug (1953). We emphasize again that 
based on the palynological and the woody fragment data, the two samples investigated are 
different (Kedves et ai, 2001; Kcdves and Alvarez Ramis, 2002). The prokaryotes containing 
sample was characterized by the remarkable quantity of Pteridophyte spores, Longaxones, 
mostly tricolporate, and from the Brevaxoncs with the "Oculata Normapolles" pollen grains. 
This association of pollen grains was associated by different kind of secondary woody 
remnants: Cycadopsida, Pteridophyta or Arecales remnants-scalariform thickenings of 
tracheids. Gymnospermophyta, Conifcro- phytina remnants-fibre tracheids, arcolate bordered 
pits of slit-like type (Austrotaxus, Phyllocladus, Podocarpus, Callitropsis, Dacrydium, 
Podocarpus). 

The origin of the Ajkaite is different, therefore the chemistry and the preservartion 
capacity of the samples are different. The discovery of the cytological characteristics of very 
old plant cells, open new opportunities in the reconstitution of the ultrastructural evolution. 
Regarding the ultrastructure of the fossil microorganisms and pollen grains our knowledges is 
in this moment in the stage of the beginning. But there are TEM data from fossil mineralized 
Bactcriophytes also, cf. Southam and Donald (1999). It is a hope that this branch of 
researches will be broadened and will obtaine several new results in the near future on 
different kinds of plant remnants. Finally, we emphasize the establishment of Dejax et al. 
(2001b),"some organic molecules remaining potentially preserved." 
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Figs, 8-10. TEM picture of micraorgasnisms, type IIL Sample KG-2L Fig. 8, bar = 0.1 pm. Figs. 9 & 10, 
bar= 0.04 pm. 
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